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Abstract

Background: The functional mechanism is unknown for many genetic variants associated with 

substance use disorder phenotypes. Rs678849, an intronic variant in the delta-opioid receptor gene 

(OPRD1), has been found to predict regional brain volume, addiction risk, and the efficacy of 

buprenorphine/naloxone in treating opioid use disorder. The variant has also been implicated as an 

expression quantitative trait locus (eQTL) for several genes.

Objectives: The objective of this study was to identify functional differences between the two 

alleles of rs678849 in vitro. We hypothesize that the two alleles of rs678849 have different effects 

on transcriptional activity due to differential interactions with transcription factors.

Methods: 15bp regions containing the C or T alleles of rs678849 were cloned into luciferase 

constructs and transfected into BE(2)C neuroblastoma cells to test the effect on transcription. 

Electrophoretic mobility shift assays (EMSA) using nuclear lysates from BE(2)C cell or human 

postmortem medial prefrontal cortex were used to identify proteins that differentially bound the 

two alleles.

Results: At 24 hours post-transfection, the C allele construct had significantly lower luciferase 

expression than the T allele construct and empty vector control (ANOVA p < 0.001). Proteomic 

analysis and supershift assays identified XRCC6 as a transcription factor specifically binding the 

C allele, whereas hnRNP D0 was found to specifically bind the T allele.

Conclusion: These functional differences between the C and T alleles may help explain the 

psychiatric and neurological phenotype differences predicted by rs678849 genotype and the 

potential role of the variant as an eQTL.
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INTRODUCTION

Candidate gene studies and genome-wide association studies (GWAS) have identified a 

growing number of genetic polymorphisms associated with addiction phenotypes. Limited 

functional data are available for most of these variants. For example, genetic studies of 

alcoholism and alcohol consumption reproducibly identify a significant locus in the ADH1B 
gene, which encodes an alcohol dehydrogenase enzyme (1-3). The minor allele of the 

presumptive causative variant identified in these studies is associated with increased alcohol 

metabolism. Minor allele carriers consume less alcohol on average and are less likely to 

develop an alcohol use disorder (1-3). This type of mechanistic data provides validity to the 

original genetic associations and may produce additional biomarkers or therapeutic targets. 

Only a small number of similar examples exist in the fields of opioid use disorder (OUD) 

risk and treatment. A 3’ UTR variant in the mu-opioid receptor gene (OPRM1) was found 

to predict methadone efficacy in treating OUD (4). A miRNA was subsequently shown to 

bind only one of the two alleles in vitro, resulting in translational repression. Hancock et al. 
identified functional addiction-related polymorphisms with a different approach, first using 

the BrainCloud dataset to identify expression quantitative trait loci (eQTLs) for cortical 

expression of OPRM1 and then performing case-control analyses with those variants (5). 

This method allowed them to identify a functional intronic variant, rs3778150, associated 

with OUD and replicate that association. In a Han Chinese population, the severity of 

heroin dependence was associated with rs9479757, another intronic OPRM1 variant that is 

in perfect linkage disequilibrium with rs3778150 (r2 = 1.0, D’ = 1.0) in that ethnic group 

(6). Genotype at rs9479757 was found to alter alternative splicing through a mechanism 

mediated by hnRNPH (6). Despite these examples, most addiction-related variants currently 

have no clear mechanistic information, representing a significant knowledge gap that needs 

to be addressed.

We previously observed an association between the OPRD1 intronic variant rs678849 and 

the percentage of opioid positive urine drug screens in African-Americans being treated for 

OUD with buprenorphine/naloxone agonist replacement therapy (7). This pharmacogenetic 

effect was replicated in an independent cohort (8). More recently, rs678849 genotype 

was found to predict the effectiveness of extended-release buprenorphine in preventing 

opioid use in European-Americans, but not African-Americans, with OUD (9). Genotype 

at rs678849 has also been associated with cocaine dependence in African-Americans and 

OUD in Iranians (10, 11). An additional analysis found the variant to predict regional brain 

volume in individuals of European descent (12). That study also found healthy elderly 

people with the C/C genotype to have a significantly lower tau/beta-amyloid ratio than 

individuals with the C/T or T/T genotypes (12).

Little is known about the mechanisms by which rs678849 affects these various human 

phenotypes. Understanding the functional consequences of rs678849 genotype could provide 

insight into the biology of addiction and other phenotypes, and help identify additional 

markers of treatment efficacy. Here we report the ability of loci containing the C or T alleles 

of rs678849 to act as transcriptional modulators in vitro and the identity of proteins binding 

to the different alleles.
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MATERIALS AND METHODS

Cell Culture

BE(2)C neuroblastoma cells were purchased from ATCC (catalog #: CRL-2268). STR 

analysis was used to verify the identity of the cell line. The lot used for these experiments 

tested negative for mycoplasma contamination. Cells were cultured in 24-well plates in a 1:1 

mixture of Eagle’s Minimum Essential Medium and Ham’s F-12 Medium with 10% fetal 

bovine serum.

Luciferase Assays

The 15bp regions containing the C or T allele of rs678849 (TCAAAAG[C/T]ACCTGCT) 

were cloned into the BamHI site downstream of the luc2 gene in the pGL4.23 vector 

(Promega) (Figure 1A). Successful integration of the appropriate region in each construct 

was confirmed by Sanger sequencing. Transit LT1 reagent (Mirus Bio) was used to transfect 

BE(2)C cells at 60-80% confluence with the firefly luciferase constructs containing the 

C or T allele locus and Renilla luciferase vector pGL4.74 (Promega) to control for 

transfection efficiency between replicates. Empty pGL4.23 vector transfections were used 

as a control. Mock transfections without plasmid were performed to control for any 

background luminescence. Transfections were performed in triplicate in each of three 

independent experiments (n = 8-9 for all conditions). Luciferase activities were assessed 

on a GloMax 20/20 at 24 hours post-transfection using a dual-luciferase report assay 

system (Promega) as previously described (4). Results for the rs678849-C and rs678849-T 

constructs were normalized to the empty vector control. Data were analyzed by one-way 

ANOVA and post-hoc Tukey HSD tests using JMP v12.0.

Electrophoretic Mobility Shift Assays (EMSA)

Double-stranded DNA probes (15bp) for both alleles of rs678849 were synthesized, 

annealed, and purified by Integrated DNA Technologies (C allele sense sequence: 5'-

TCAAAAGCACCTGCT-3'; T allele sense sequence: 5'-TCAAAAGTACCTGCT-3'). The 

fluorophore Cy3 was conjugated to the 3’ end of the sense strands for each probe. Unlabeled 

versions of the C and T allele probes were also produced, as well as an unlabeled competitor 

probe containing the murine Oct1 consensus sequence (TCGAATGCAAATCAC). BE(2)C 

nuclear lysate was obtained using a Nuclear Extraction Kit (AbCam). Postmortem medial 

prefrontal cortex tissue was received from NIH NeuroBioBank at the University of 

Maryland. Tissue was homogenized in a Dounce homogenizer and nuclear lysate was again 

obtained using the Nuclear Extraction Kit. Double-stranded T probe (2 pmol) was incubated 

with 20μg nuclear lysate for 25 min at room temperature in 20μL modified 1X Cold Spring 

Harbor EMSA binding buffer (30mM NaCl, 5mM HEPES-KOH (pH 7.6), 1.2mM DTT, 

20μM EDTA, 83.3nM poly-dIdC). Double-stranded C probe incubation was performed as 

above but using dephosphorylated lysate to remove a prominent non-specific band (Figure 

2A). Dephosphorylated lysate was generated by incubating BE(2)C or medial prefrontal 

cortex nuclear lysate with 1U calf intestinal alkaline phosphatase per 80ug lysate (NEB) for 

30 minutes at 37°.
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To test the specificity of binding proteins, EMSA reactions were also performed in 

the presence of 300pmol of unlabeled C probe, unlabeled T probe, or Oct1 duplex as 

competitors. Glycerol (1μl) was added to each reaction following incubation and the 

reactions were separated by electrophoresis at 15mA at 4°C on 8% polyacrylamide gels. 

Gels were imaged on a Typhoon TRIO scanner (Amersham Biosciences). EMSA bands of 

specific complexes were excised and proteins of interest were identified at the University 

of Pennsylvania Quantitative Proteomics Resource Core using LC-MS/MS. To confirm the 

identity of the protein binding to the T allele, MYC-DDK-tagged recombinant hnRNP D0 

(isoform 3) was used in place of nuclear lysate (Origene; #RC200660). All EMSA reactions 

were performed in triplicate. Regions of interest were quantified using ImageJ v1.53e with 

normalization to lane background. Quantification data were analyzed by one-way ANOVA 

and post-hoc Tukey HSD tests in VassarStats.

Experiments involving human tissue were approved by the NeuroBioBank Brain and Tissue 

Repositories and were carried out in accordance with all relevant regulations. Informed 

consent was obtained from all tissue donors or their next-of-kin under protocols reviewed 

and approved by the University of Maryland institutional review board.

Supershift Assays

Following incubation of the EMSA reactions with 300pmol of Oct1 duplex, 1ul of antibody 

was added to the reaction and incubated for an additional 25min at room temperature. 

Reactions were separated and analyzed as described above. The following antibodies 

were used: α-pan-hnRNP (detects hnRNP D0, hnRNP D-like, and hnRNP A/B; Santa 

Cruz Biotechnology, #sc-166577), α-hnRNP A1 (Abcam, #ab5832), α-TCF3 (Abcam, 

# ab229605), α-XRCC6 (Cell Signaling Technology, # 4104), and α-XRCC6/XRCC5 

(Invitrogen, #MA1-21818). Supershift reactions with BE(2)C lysate were performed in 

triplicate. Regions of interest were quantified and statistically analyzed as described above 

for EMSA. Due to the confirmatory nature of the prefrontal cortex experiment and limited 

amounts of tissue lysate, supershift assays with prefrontal cortex were performed once on a 

single sample and the presence or absence of the relevant bands was assessed qualitatively.

RESULTS

The C allele of rs678849 acts as a silencer element in an in vitro luciferase system

The 15bp genomic regions containing the C or T allele of rs678849 were cloned downstream 

of the firefly luciferase gene in the pGL4.23 vector (Figure 1A). To test the effects of the 

two alleles on transcription, BE(2)C neuroblastoma cells were transfected with the C allele 

construct, T allele construct, or the empty vector control. At 24 hours post-transfection, cells 

transfected with the C allele construct had significantly less luciferase expression than cells 

transfected with either the T allele construct or the empty vector control (ANOVA p < 0.001; 

n = 8-9 for all conditions) (Figure 1B). No difference in luciferase expression was observed 

between cells transfected with the T allele and empty vector (Figure 1B).
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The rs678849 C and T allele probes are bound by different protein complexes in BE(2)C 
nuclear lysate

Since the rs678849 loci were downstream of the luciferase gene in the constructs, the 

observed expression differences are most likely the result of differential binding of 

transcription factors to the two alleles. To identify the relevant factors, BE(2)C nuclear lysate 

was incubated with Cy3-labeled probes representing the 15bp C and T allele regions used in 

the luciferase assays. Electrophoretic mobility shift assays (EMSA) demonstrated that both 

of the probes formed DNA:protein complexes (Figure 2A-B). Competition with unlabeled C 

probe, T probe, or a 15bp sequence containing a murine Oct1 site was used to determine the 

specificity of protein binding. The T allele formed a series of sequence-specific complexes 

(T1) that were outcompeted by unlabeled T probe but not unlabeled C probe (n=3, ANOVA 

p < 0.01) (Figure 2A). Other non-specific DNA:protein complexes were also formed.

For the C allele EMSA, the nuclear lysate was dephosphorylated, allowing us to eliminate 

a prominent non-specific DNA:protein complex (Figure 2A-B). The C allele probe was 

bound by a sequence-specific complex (C1) that was previously difficult to observe due to 

its migration at approximately the same location as the prominent non-specific DNA:protein 

complex (n=3, ANOVA p < 0.01) (Figure 2B). No equivalent complex was observed when 

the T probe was incubated with dephosphorylated lysate (data not shown). Additional 

non-specific complexes were also observed in the C allele reactions.

The T allele-specific complex, T1, contains hnRNP D0

LC/MS-MS analysis indicated that the most abundant protein in the T1 complex was 

isoform 3 of hnRNP D0 (Supplemental Table 1). Incubation of the T allele EMSA reaction 

with an α-pan-hnRNP antibody designed using an hnRNP D0 epitope eliminated the top 

two bands of the T1 series, whereas no effect was observed in the presence of α-hnRNP 

A1 or α-TCF3 antibodies (Figure 3A). These results suggest that these complexes both 

contain hnRNP D0. Since the α-pan-hnRNP antibody is known to also detect the related 

proteins hnRNP D-like and hnRNP A/B, additional EMSA reactions were performed with 

recombinant hnRNP D0 (isoform 3) in place of nuclear lysate. As shown in Figure 3C, 

the recombinant protein bound the T allele probe. Some minor binding to the C allele was 

also present (Figure 3B); however, the relative strength of the EMSA bands supports the 

hypothesis that hnRNP D0 has a significantly higher affinity for the T allele than the C 

allele.

The C allele-specific complex, C1, contains XRCC6 (Ku70)

Proteomic analysis identified XRCC6 (aka Ku70) as part of the C1 complex (Supplemental 

Table 2). Formation of the C1 complex was disrupted by addition of α-XRCC6 antibody 

to the EMSA reaction, but not by addition of α-TCF3 or α-pan-hnRNP antibodies (Figure 

3D). These results indicate that C1 contains XRCC6. XRCC6 frequently binds DNA as a 

heterodimer with XRCC5 (aka Ku80); however, incubation of the C allele EMSA reaction 

with an antibody specific to the XRCC6/XRCC5 heterodimer did not affect C1 complex 

formation (Figure 3D). Unlike the α-pan-hnRNP antibody, the manufacturer did not predict 

the α-XRCC6 antibody to have off-target binding. Prior use of the antibody in the literature 
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also showed no evidence of off-target interactions (13, 14). Confirmatory EMSA using 

recombinant XRCC6 was therefore not performed.

XRCC6 and hnRNP D0 interact with the rs678849 locus in nuclear lysate from human 
postmortem brain

To test the applicability of our findings to human tissue, EMSA reactions were also 

performed using nuclear lysate from African-American postmortem medial prefrontal cortex 

(mPFC), a brain region whose function is disrupted in individuals with substance use 

disorders (15). Allele-specific bands at approximately the same sizes as C1 and T1 were 

present in the mPFC reactions (Figure 4A-B). Although the second slowest migrating band 

in T1 was the most prominent in the BE(2)C assays, the slowest band was the most 

prominent when using mPFC lysate (data not shown). This difference is likely due to the 

relative abundance of different post-translational modifications or splice variants. Qualitative 

assessment of supershift assays with α-XRCC6 and α-pan-hnRNP antibodies confirmed that 

XRCC6 and D0 were present in C1 and T1, respectively, in human brain tissue (Figure 

4A-B).

DISCUSSION

Our results indicate that the C and T alleles of rs678849, a variant repeatedly associated 

with buprenorphine treatment outcomes (7-9) and other addiction phenotypes (10, 11), have 

differential effects on expression and bind distinct protein complexes. Proteomic analyses 

identified hnRNP D0 as part of the T1 complex. The protein was originally described as 

an RNA binding protein, but more recent work has shown hnRNP D0 to have the ability 

to bind dsDNA and function as a transcription factor (16-20). A consensus DNA binding 

sequence for hnRNP D0 has not been determined, but known binding sites in CR2 and 

BDNF have noticeable similarities to the rs678849 locus (Figure 5). In the case of BDNF, 

hnRNP D0 was shown to preferentially bind the T allele of rs12291063 compared to the C 

allele (17). This polymorphism’s position in the binding site is similar to that of rs678849 

(Figure 5). The findings in CR2, BDNF, and other genes demonstrate dsDNA binding 

specifically for isoform 3 of hnRNP D0 (aka hnRNP D0B) (17, 18, 20). This splice variant 

is localized to the nucleus instead of the cytoplasm due a lack of exon 7, which encodes 

a nuclear export sequence. Our proteomic analysis is consistent with these results since we 

specifically identified this isoform as a component of T1 and recombinant isoform 3 hnRNP 

D0 protein bound preferentially to the T allele of rs678849 via EMSA (Figure 3B).

Although hnRNP D0 has been shown to act as a transcription factor, our luciferase 

experiments found no difference in expression between the T allele of rs678849 and the 

empty vector control (Figure 1B). The rs678849 locus in vivo exists in the context of 

other cis regulatory elements that are adjacent to the locus. Regulatory elements also often 

physically interact with other elements or promoter regions through the three-dimensional 

conformation of the chromosome. Other loci (e.g. the OPRD1 promoter) were not present 

in the in vitro experiments and, therefore, direct and indirect interactions with rs678849 

that were potentially relevant to transcriptional regulation by hnRNP D0 may not have been 

well-modeled.
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Our analyses also identified XRCC6 as a component of the C1 complex (Figure 3D). 

XRCC6 is most known as a binding partner for XRCC5 and the two proteins function 

as part of the non-homologous end-joining machinery (21, 22). However, XRCC6/XRCC5 

heterodimers have also been shown to regulate transcription through binding to promoter 

regions. The protein complex acts as a repressor of transcription of the GBP and IL-2 genes 

in human erythrocytes and T-cells, respectively (23, 24). Upregulation of other genes has 

also been associated with XRCC6/XRCC5 binding, notably in the presence of other binding 

partners such as AP-2 family members (25). Transcriptional regulation by XRCC6/XRCC5 

has been observed in murine cells, suggesting a conserved role for XRCC6 as a transcription 

factor and providing evidence for the existence of additional binding partners (26, 27). As 

with hnRNP D0, the consensus DNA binding site for the XRCC6/XRCC5 dimer is not fully 

determined but the protein complex appears to have significant flexibility based on known 

binding sites (23).

The known transcriptional regulation by XRCC6 involves the XRCC6/XRCC5 heterodimer; 

however, we were not able to confirm the presence of XRCC5 in the C1 complex. While 

there is currently no evidence that XRCC6 regulates transcription as a monomer, the protein 

is known to have functions independent of XRCC5. Mice lacking Xrcc5 or Xrcc6 do 

not have identical phenotypic profiles: Xrcc5 knockout animals demonstrate accelerated 

aging, whereas Xrcc6 knockouts develop thymic lymphoma (28, 29). XRCC6 is also 

known to have other binding partners, including Cyclin E and Bax (30, 31). Binding of 

XRCC6 to the C allele of rs678849 may therefore require unidentified proteins besides 

XRCC5. Furthermore, although the XRCC6/XRCC5 antibody did not disrupt formation of 

C1 (Figure 3D), we cannot completely exclude the possibility that XRCC5 is contained 

in the complex. For example, additional proteins included in C1 may have blocked the 

epitope targeted by the antibody or the phosphatase treatment may have disrupted binding 

of this specific antibody. Additional proteomic analyses are still required to determine the 

remaining components of the C1 complex.

Our luciferase assay results suggest that rs678849-C is acting as a silencer element (Figure 

1B), but it remains unclear what gene or genes might be affected. Data from the BrainSeq 

consortium indicates that rs678849 is an expression quantitative trait locus (eQTL) for 

the PHACTR4 gene in dorsolateral prefrontal cortex (32). Additional analyses from the 

Genotype-Tissue Expression (GTEx) project identified rs678849 as an eQTL for several 

genes in different tissues, including PHACTR4, ATPIF1, and RP5-1092A3.4 (33). The C 

allele of rs678849 is associated with lower expression in all of these associations from 

BrainSeq and GTEx, aligning with our data and making all three genes viable candidates for 

an rs678849 effect. While RP5-1092A3.4 was the only gene in GTEx to have a significant 

eQTL effect in brain tissue, this may be the result of the much larger sample sizes for certain 

tissues in that database compared to the various brain regions. OPRD1 itself also remains 

a potential candidate. Although expression of OPRD1 was not associated with rs678849 

genotype in GTEx, the lack of observed effect may be due to the low levels of OPRD1 
transcript in bulk brain tissue lysates, diminishing statistical power to detect an association.

Identifying both the relevant transcription factors and the target gene(s) regulated by 

rs678849-C could aid in identifying the time and place in which rs678849 genotype is 
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relevant. It is currently unclear whether the rs678849 effects occur in adulthood or in 

the developing brain, but some of the candidate genes have specific expression patterns 

that could provide evidence for one or the other possibility. PHACTR4 and XRCC6, for 

example, are highly expressed prenatally compared to other ages, whereas OPRD1 has 

the opposite pattern (32, 34, 35). Furthermore, it is unknown if rs678849 mechanisms are 

limited to certain brain regions or cell types. OPRD1 expression is limited to a subset of 

neuronal cell types (36). If the human phenotypes associated with rs678849 genotype are 

due to OPRD1 expression differences, future work will need to focus on those specific types 

of cells.

The most notable limitation of this study is the use of in vitro systems. Although our 

data suggest that the two alleles of rs678849 bind different proteins and have differential 

effects on transcription, neuroblastoma cells are not a perfect model of normal human 

tissue. We have attempted to mitigate this issue to the extent possible by confirming the 

BE(2)C EMSA results using postmortem human brain lysate (Figure 4). However, there is 

currently limited in vivo evidence supporting our observed effect of rs678849 genotype on 

gene expression. Confirmation of the finding from the BrainSeq consortium or GTEx, or 

identification of other genes regulated by rs678849 must be a priority for future work. As 

mentioned, identification of the relevant temporal and spatial parameters will be necessary 

before this issue can be efficiently addressed. Individuals are also likely to have a wide range 

of expression levels for any genes of interest due to factors beyond rs678849 genotype and 

this may make it difficult to directly compare genotypic groups using real-time PCR on bulk 

lysate. Allelic imbalance assays may therefore be the best way to test this hypothesis and 

verify that rs678849 is an eQTL in human populations.

Regardless of these considerations, we provide evidence that the alleles of rs678849, 

an intronic variant associated with buprenorphine effectiveness and addiction-related 

phenotypes, bind different transcription factors and have differential effects on transcription 

in vitro. These functional differences between the C and T alleles may help explain the 

psychiatric and neurological phenotype differences predicted by rs678849 genotype.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
The C allele of rs678849 acts as a transcriptional silencer in vitro. (A) Map of pGL4.23 

luciferase construct with location of the inserted rs678849 locus. 15bp sequence containing 

the C or T allele was cloned into a BamHI site downstream of the luc2 gene. (B) Luciferase 

activity in BE(2)C neuroblastoma cells transfected with pGL4.23 rs678849-C, rs678849-T, 

or empty vector (EV) control. Renilla luciferase vector pGL4.74 was co-transfected as a 

control for transfection efficiency. Ratios of firefly:Renilla luciferase activity are presented 

as mean ± standard deviation (n = 8-9 for all conditions) after normalization to empty vector 

control. * ANOVA p < 0.001
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Figure 2: 
The T and C alleles of rs678849 bind the sequence-specific protein complexes T1 and C1 

in electrophoretic mobility shift assays. (A) Double-stranded, Cy3-labeled DNA probe of 

the rs678849 T allele was incubated with BE(2)C nuclear lysate in the presence of excess 

unlabeled C probe (“C”), unlabeled T probe (“T”), or murine Oct1 sequence (“Oct1”). 

Incubation with no competition was used as a control (“-”). A prominent non-specific 

band (NS) is observed in all lanes (B) EMSA using a labeled C probe was performed 

with dephosphorylated BE(2)C nuclear lysate to remove the non-specific band. Competitor 

sequences were added as described above. Bar plots below the gels indicate the relative 

intensity (mean ± standard deviation) of the region of interest in each lane, normalized to the 

lysate control lane (n = 3 for each condition). * ANOVA p < 0.01
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Figure 3: 
HnRNP D0 and XRCC6 are components of T1 and C1, respectively. BE(2)C nuclear lysate 

was incubated with Cy3-labeled dsDNA probes for the T allele (A) and C allele (D) of 

rs678849 in the presence of excess murine Oct1 sequence. (A) The presence of hnRNP 

D0 in T1 was examined by the addition of α-pan-hnRNP, α-hnRNP A1, and α-TCF3 

antibodies to the EMSA reactions. Incubation of C allele (B) and T allele (C) probes with 

BE(2)C nuclear lysate or Myc-DDK-tagged recombinant hnRNP D0 further demonstrated 

preference of the protein for the T allele. Note that the recombinant hnRNP D0 does not 

match the migration of the endogenous hnRNP D0 due to the presence of the Myc-DDK 

tag. NS: Non-specific protein complex running at approximately the size of the Myc-DDK-

tagged hnRNP D0 in the presence of the C probe. (D) The presence of XRCC6 in the 

C1 complex was examined by the addition of α-XRCC6, α-XRCC6/XRCC5, α-TCF3, and 

α-pan-hnRNP antibodies. Bar plots below the gels indicate the relative intensity (mean ± 

standard deviation) of the region of interest in each lane, normalized to the lysate control 

lane (n = 3 for each condition). * ANOVA p < 0.01
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Figure 4: 
T1 and C1 are present in postmortem human brain and contain hnRNP D0 and XRCC6, 

respectively. Nuclear lysate from postmortem human medial prefrontal cortex was incubated 

with Cy3-labeled dsDNA probes for the T allele (A) and C allele (B) of rs678849 in the 

presence of excess murine Oct1 sequence. (A) The presence of hnRNP D0 was examined by 

the addition of α-pan-hnRNP, α-hnRNP A1, and α-TCF3 antibodies to the EMSA reactions. 

(B) The presence of XRCC6 in the C1 complex was examined by the addition of α-XRCC6 

and α-pan-hnRNP antibodies. Dephosphorylated nuclear lysate was used to remove the 

non-specific band and maintain consistency with the BE(2)C analyses. Presence or absence 

of the relevant protein complexes was assessed qualitatively.
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Figure 5: 
Overlap between the T allele probe for rs678849 and known binding sites for isoform 3 

of hnRNP D0 in CR2 and BDNF. Bases matching the rs678849 locus are underlined. The 

bolded bases indicate rs678849 in OPRD1 and rs12291063 in BDNF.
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